That the yolk proteins (YPs), or viteilins, stored in the oocytes of insects are a nutritional store for subsequent embryogenesis has long been assumed. Exhaustive data base searching programs revealed highly significant sequence similarity between the three YPs of Drosophila melanogaster and part of the triacylglycerol lipase of the domestic pig. Based upon time of degradation of YPs during embryogenesis, existence of maternally stored ecdysteroid conjugates in embryos, location of these conjugates in locust embryos, and the fact that free active ecdysteroid hormones are released at a specific time in embryogenesis to trigger cuticle deposition, we postulate that the similarity reflects a common property of Drosophila YPs-the ability to bind the fatty acid ecdysteroid conjugates. Our finding of conjugated ecdysteroids tightly bound to purified Drosophila YP supports this prediction.
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The three major yolk proteins (YPs) of Drosophila (1) are synthesized in the ovarian follicle cells and fat body (2) (3) (4) and selectively accumulated in developing oocytes. The YPs are assumed to play a nutritional role in embryogenesis; no studies have investigated other functions for the proteins.
The three polypeptides are each encoded by a single-copy gene located on the X chromosome (5, 6) . We recently sequenced the gene coding for the smallest polypeptide, YP3 (7) , which was then compared with the sequences of YP1 and YP2 (8, 9) . They form a closely conserved family of genes with 56% similarity between YP1 and YP2, 56% similarity between YP1 and YP3, and 50% similarity between YP2 and YP3. The overall similarity between YP1, YP2, and YP3 is 43% and is particularly prominent in the C-terminal two-fifths of the polypeptides, where the similarity reaches 57%. Probably important conserved functional regions, such as sites recognized in receptor-mediated endocytosis, will be located in this region.
To (11) , and the significances of these results were analyzed by reference to the distribution of these results (12 To remove traces of other proteins copurifying with the YPs in the above-described method, the YPs were precipitated in solution by an antibody that had been raised to the three yolk polypeptides cut from NaDodSO4/polyacrylamide gel (15) .
RESULTS AND DISCUSSION
To see whether any functions for the YPs might be detected by structural comparison with other known proteins, we used a distributed array processor to search for similarity to all protein sequences in release 8 of the NBRF protein sequence data base (10) (11) (12) . Each YP sequence had the greatest similarity with the other YPs; YPs all shared highly significant sequence similarities with triacylglycerol lipase of the domestic pig, the only protein in the data base that showed significant similarity with all three YPs. The similarity covers long stretches of protein-sequence residues Abbreviation: YP, yolk protein.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. 81-230 of the lipase aligning with residues 186-331 of YP1, residues 108-241 of lipase aligning with residues 211-344 of YP2, and residues 95-268 of lipase aligning with residues 207-386 of YP3. The local alignment leading to the highest degree of similarity between YP1 and triacylglycerol lipase received a score of 170, a figure expected by chance only once in a search of 100,000 data bases of this size containing unrelated protein sequences. The score between YP2 and YP3, respectively, and the lipase was 213 and 186, scores expected once in 80,000,000 and 5,000,000 searches of data bases of this size, respectively. Similar regions of the YPs are thus related to a single region of the lipase (Fig. 1) . The 449 residues of the triacylglycerol lipase secreted by the pig pancreas have been sequenced (16) (17) (18) (19) , and some studies have been made of the substrate binding site (19) . The active site is thought to include residues 147-156, which include the sequence Ile-Gly-His-Ser-Leu-Gly-Ser-His. Ser-152 appears to be important in lipid-water interface recognition. Although the similar region of the YPs includes the active site, the essential serine residue is not conserved.
Purified YPs failed to act as a lipase under conditions where the triacylglycerol lipase was active. Under the chosen assay conditions, activity was detectable in purified pig pancreatic lipase and whole adult fly extracts but was not detectable in the purified YP preparation; this suggests that the YPs do not function as lipases.
Why then would they be structurally similar to a lipase? Possibly they bind a molecule similar to triacylglycerol.
Ecdysteroids are the molting hormones of insects, being released before synthesis of the cuticle (20, 21) . In many insects including Drosophila, ecdysteroids are stored in the embryos as conjugates (22-24) of both low and high polarity (23) (24) (25) , and some apolar molecules have been identified as long-chain fatty acid esters of the ecdysteroids. Such storage forms exist in other arthropods (25) and appear to have roles in regulating release of free ecdysteroids to control reproduction and development. The high-polarity conjugates are digestible with Helix pomatia hydrolases-e.g., /3-glucuronidase-and the low-polarity conjugates are digestible with pig liver esterase (26) .
In several insect embryos ecdysteroids are released before cuticle secretion (26, 27) , and Drosophila embryos are no exception. Kraminsky et al. (28) showed that free ecdysteroid was released before cuticle secretion in the embryo. In locusts polar conjugates are bound to vitellin (29) , and as the vitellin is degraded, peaks of free ecdysteroid hormone appear that coincide with secretion of cuticles (30 would be important molecules in embryogenesis, their timed breakdown leading to a timed release of hormone.
If this hypothesis is correct, apolar conjugates of ecdysteroids should be tightly bound to the YPs. Using the procedure shown in the legend for Fig. 2 we purified the YPs (Fig.  2) . We then treated these purified proteins with protease, pig liver esterase, and a combination of both enzymes. The resulting samples were extracted with methanol and subjected to an RIA to detect free ecdysteroids.
Ecdysteroids were released, confirming that they had been bound to the YPs. They were released most effectively by the protease and esterase acting in concert, suggesting that degradation of the YP is important in presenting the conjugates to the esterase. We obtained more ecdysteroids by adding the esterase concomitantly with the protease, rather than by adding the protease before the esterase.
One interesting feature of our results was the fact that when more YPs were present, fewer ecdysteroids were released. Perhaps insufficient protease and esterase are present to release all of the ecdysteroids, and thus higher concentrations of YPs could be inactivating the enzymes, or interfering with access to their correct functional locations. Results in Fig. 3 , as well as showing that this phenomenon is repeatable, show that higher concentrations of enzymes do release more free hormone, suggesting that, indeed, too little enzyme had been available to release all YP-bound ecdysteroids.
To ascertain that this hormone was released from the YPs and not from a molecule that had copurified, we precipitated the YPs with an antibody made against the three yolk polypeptides cut from a NaDodSO4/acrylamide gel. This method would remove any copurifying proteins of dissimilar molecular weights. Fig. 3 shows that free ecdysteroids were released from these antibody-precipitated YPs by the mixed- Recently apolar conjugates have been found to be much more abundant in Drosophila females than males (G. Kaufmann, U. Schweizer, and A. Dubendorfer, personal communication). Because the YPs are found only in females and the storage of hormones in eggs is limited to females, further independent evidence favors our model. The nature of the binding and the identification of the conjugates remain to be studied. tThree times concentration of protease and esterase were added. *cpm X io-.
In conclusion, an unexpected sequence similarity between the YPs and a lipase led us to devise and successfully test a model in which YPs play an important role in regulating embryogenesis; this mechanism seems to have been conserved in many insects and arthropods.
Note Added in Proof. A cDNA encoding a lipase from the rat liver has been cloned and sequenced (31) . This also has sequence similarity to the three YPs extending from amino acid 90 in the rat hepatic lipase to amino acid 231 using the alignments of the pig lipase and the three YPs shown in Fig. 1 . Particularly well conserved are the blocks RiTgLDPa, DA-FVD*IHT-*, and *Df*PNG (see Fig. 1 ). This adds weight to the idea that the YPs can bind lipid molecules either as triacylglycerol itself, or as lipids conjugated to ecdysteroids, as suggested in this paper, or both.
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